. Ce Thompson, 1971) estimates (Gianola et al, 1986) .
REML is preferred to other variance components estimation methods because of its ability to account for selection bias. These methods (BLUP and REML) are nowadays utilized in many countries all over the world and for various domestic species. Surprisingly, they are almost completely ignored in laying hens evaluation systems even though strong selection has been carried out on this species for many generations.
The purposes of this study were: 1) to estimate genetic parameters of 7 correlated egg production traits by REML applied to a multiple-trait reduced animal model;
and 2) to show the application of some state-of-the-art techniques which make estimation possible in strains of laying hens with large numbers of birds.
MATERIALS AND METHODS

Data and traits description
Data, including records of 165, 748 and 47, 115 survivor laying hens for strains A and B respectively, were supplied by the &dquo;Institut de Selection Animale-ISA&dquo;. For both strains, these records represented 6 generations of hens.
Traits considered in this analysis were related to egg production (number of eggs produced between 19-26 wk of age (P l ), 26-38 wk (P Z ) and 26-54 wk (P 3 )) and egg characteristics (average egg weight at 2 different ages (EW I , EW 2 ) and egg density (ED)). Weight of hens at 40 wk of age (W 4o ) was also included in the analysis. P I can be considered as being a combination of sexual maturity and early egg production. ED was a measure of the shell strength determined by specific gravity. P i , P 2 and P 3 variables exhibited markedly skewed distributions. They were transformed into new variables, satisfying the classical hypotheses for describing traits with polygenic inheritance via a linear model with normal error, using a power transformation (Box and Cox, 1964) . This transformation relies on a single parameter t and has the following form (Ibe and Hill, 1988): were y is the geometric mean of the original observations. The parameter t was empirically chosen in such a way that several normality criteria, such as the low residual sum of squares of the genetic model used to describe the data, the linearity of half-sib on individual regression, the coefficient of symmetry and the Kolmogorov-Smirnov test for normality of the residuals were satisfied as closely as possible and simultaneously, as proposed by Ibe and Hill (1988) (Thompson and Meyer, 1990 ).
Since REML is an iterative procedure, the major cost was the need, at each iteration, of direct inversion of a matrix of size equal to the number of parents. This burden was reduced by tridiagonalizing the coefficient matrix through a series of orthogonal transformations, as proposed by Smith and Graser (1986 (Dempster et al, 1977; Harville, 1977) .
For the (!7 + 1) round of iteration, estimators of the elements in G c are:
and those in R c are:
where N is the total number of observations, f is the number of levels of the fixed (Tier, 1990 These estimates also showed that egg production traits (P l , P 2 and P 3 ) are much less heritable than egg characteristics or body weight. Heritabilities of egg production traits were lower than usually reported in the literature, especially those for P 2 and P 3 . Regarding heritability of P i , a combined trait of both sexual maturity and early egg production, it was roughly within the range of Liljedahl and Weyde (1980) estimates but closer to that of egg production. We should, however, be careful with such comparisons since most reported heritabilities and variance components were obtained on the original scale without performing any transformation but using methods assuming normality of the data distribution. Strictly speaking, such results should be interpreted with caution.
The purpose of the Box-Cox transformation, applied for P l , P 2 and P 3 is then to change the scale of measurements in order to make the analysis more valid.
Besbes et al (1992) showed that this transformation resulted in an increase of all heritabilities without drastically modifying the genetic and residual correlations between these traits.
Heritability values of egg and hen weight, though rather small, remained within the range of estimates reported by King and Henderson (1954, cited by Kolstad, 1980) , Kolstad (1980) and Sorensen et al (1980) . The same trend was observed for the estimates of egg density (specific gravity). These correlations showed a rather small antagonism between the group of egg production traits (P I , P 2 and P 3 ) and egg density (ED) on one hand and that of average egg weights on the other hand. The largest antagonism was observed between egg weight (EW l ) and egg density (-0.17 and -0.23 respectively for strain A and B) but remained rather small. In the literature, there is a large variation in the reported scale of the genetic correlation between number of eggs produced and average egg weight. For Sorensen et al (1980) , this correlation was -0.32 and -0.17 depending on the population. Liljedahl and Weyde (1980) reported an evolution of this correlation from slightly positive and non significant values in the base population to markedly negative ones in selected lines. These results were in contrast with those of Kolstad (1980) which showed some evidence for a decline in the genetic correlation from -0.18 in the base population to -0.11 in the selected lines. Nearly all these correlations and heritabilities were estimated by analyzing the resemblance between paternal half-sibs and separately for each generation and trait. Hence, they were biased by selection. This was theoretically not the case with our REML estimation. However, it must be said that our &dquo;base&dquo; population was already a selected one and, also, the sampling procedure could not take all the selection process into account.
From table II, it can be seen that correlations between egg number and body weight of hens varied considerably among strains (the correlation between P 3 and W40 was 0.25 for strain A and -0.12 for strain B) which was also found by Kolstad (1980 T!e correlation between P 2 and P 3 is lower than the literature average values (0.79 and 0.85, respectively for selected and unselected White Leghorn breed) obtained by Fairfull and Gowe (1990) . This is probably due to a low correlation between P 2 and the residual egg production (38-54 wk of age). Hence, P 2 and P 3 cannot be considered as measuring the same trait even if they overlap.
The positive correlations between P I and the other egg production traits (P z and P 3 ) indicate that this trait has to be considered as an egg production trait rather thanl a sexual maturity trait (sexual maturity is usually negatively correlated with the number of eggs). The nonsignificant correlation between these traits and shell quality was also reported by Kolstad (1980) . However Fairfull and Gowe (1990) obtained, for selected White Leghorn, a negative correlation of m -0.2 between survivor egg production from housing to 40 or 55 wk of age and specific gravity.
CONCLUSION
The present study showed a rather small antagonism between egg production traits and egg weights and a positive correlation between traits within the same category.
Comparison of the heritabilities obtained with univariate and multivariate RE1V$L estimation showed no significant differences.
By employing a series of transformations in the variance components estimation process, especially the tridiagonalization of the system proposed by Thompson and ,Meyer (1990) (Besbes, 1992) revealed very small differences between these 2, which support the choice of model !2).
